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Abstract The quality of urban soils in green zones is a result of combination of
natural processes, anthropogenic pollution and management. The elevated presence
of heavy metals in soils of the urban environment has been recognized as an impor-
tant source of metal intake into the human body. The aim of this study was to evaluate
the concentration of heavy metals in soil of 24 parks and public gardens obtained in
Kazan (with 1 Mio citizens) and its satellite city Zelenodolsk. The soil samples and
two different herbaceous perennial plant Plantago major and Trifolium repens were
analyzed for 5 metals (Cd, Cu, Pb, Ni, Zn) using ICP-MS. We also determined the
physiological profiles of microbial communities using the Biolog Ecoplate multi-
substrate testing method and the diversity of plants in urban green zones. The results
from the study showed that the heavy metal concentration in soil samples ranged
between 0.06 to 0.70 mg/kg, 0.82 to 30.02 mg/kg, 0.06 to 66.42 mg/kg, 9.91 to 71.33
mg/kg and 4.41 to 24.51 mg/kg for Cd, Pb, Cu, Zn, Ni, respectively. In average,
the concentrations of the metals in soils did not exceed the levels recommended by
WHO. In plants, the concentration of Zn exceeded the recommended levels by 10-25
times. The Shannon—Wiener diversity index for plant communities varied from 2.32
to 2.96, and for microbial community (AWCD)—from 0.143 to 1.695. No significant
differences between the diversity indices for large and satellite cities were found. No
correlation between the level of metal contents and diversity indices was found.
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4.1 Introduction

The urban environmental quality is of importance because the majority of people
now live in cities (Tresch et al. 2018). Urbanized areas are rapidly expanding at the
expense of natural habitats and the corresponding human population shift. It has
resulted in landscapes created by humans—urban green spaces, including parks and
public gardens, have become a substitute for the lost environmental spaces (Francini
et al. 2018; Yan et al. 2019).

Soil of urban green spaces and provides key ecosystem services for a comfortable
living in city (Li et al. 2018). Its quality is one of the components of environmental
quality, as with the quality of water and air (Andrews et al. 2002). The world’s
population is increasingly urbanized, with 55% living in city areas, and predictions
of up to 66% by 2050 (Roézanski et al. 2018). Therefore, interest to urban soils due
to the potential impact of this soils on population has recently increased (Morel and
Heinrich 2008). This is due to the fact that soils in urban and suburban areas are
greatly impacted by human activities. This can have significant consequences for the
health of people, plants and soil organisms, as well as the ability of water to penetrate
the soil (Page-dumroese 2020).

Urban green spaces (UGS) are defined as areas primarily covered by plants,
including trees, grasses and shrubs, that have a direct or indirect positive impact
on people’s lives by purifying toxic substances and improving the microclimate
(Haq 2011). This soils quite different from natural soils due to the high level of
human activity, leading to increased pollution, physical disruptions and alterations
to the surface. This soils quite different from natural soils due to the high level of
human activity, leading to increased pollution, physical disruptions and alterations
to the surface. Urban soils are frequently associated with degraded or contaminated
soils low levels of soil organic carbon and biological activity (Ajmone-Marsan and
Biasioli 2010; Scharenbroch et al. 2005) compared to non-urban soils. Compared to
them, urban soils are also influenced by the local microenvironment as well as the
process of its formation.

In many places around the world, the chemical environment of soils has been
modified due to the rapid urbanization and industrial growth (Johnson and Deme-
triades 2011). The sources of pollution can be transport (motor exhaust, brake pads,
tire wear), domestic activities (such as waste disposal and construction, wastewater),
commercial and industrial emissions (including those from metallurgical industry,
electronics, chemical plants, fuel combustion) and agricultural activities (such as the
use of fertilizers, pesticides and wastewater irrigation) (Argyraki and Kelepertzis
2014; Wei 2018).

Along with polyaromatic hydrocarbons, chlororganic compounds and radionu-
clides, heavy metals are typical urban pollutants that can be transferred into humans
and influence their health (Madrid et al. 2002). Toxic metals, such as Pb, Cd and Cr,
are still increasingly accumulating in urban environments, causing concern because
urban soils as they easily come in contact with humans, e.g., in the form of suspended
dust (Ljung et al. 2006; Sorme et al. 2001). These are pollutants that do not undergo
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chemical or biological degradation and therefore can be accumulated in soils or living
organisms. Human exposure to heavy metals can occur through ingestion, inhala-
tion and skin contact and in different places, mainly in urban parks (Penteado et al.
2021). Urban soil in parks acts as a sink for pollution of potential toxic elements
(PTE) because to the presence of large open exposed areas of soil (Gu et al. 2016;
Zhao et al. 2014).

Human outdoor and activities have increased in parks on a daily basis, for bene-
fits to people’s health. Particularly during the COVID-19 pandemic period in 2020—
2021, parks and public gardens provided an important place for residents (especially
children) for outdoor relaxation and entertainment purposes (Brtnicky et al. 2019).
Children are at higher risk of exposure to pollution due to their frequent contact
with soil and other surfaces (Brtnicky et al. 2019; Gu et al. 2016; Zhang 2019),,
which can lead to contamination through skin contact, inhalation and hand-to-mouth
ingestion (Li et al. 2014b), even at low concentrations. Children are more vulner-
able to pollution due to their smaller size, developing nervous systems and higher
absorption rates. For instance, while the portion of ingested Pb which absorbed an
adult’s body less than 5%, children can absorb up to 50% due to their less developed
gastrointestinal tracts (Maddaloni et al. 1998).

Urbanization also has a specific effect on the plant development and bacterial soil
communities due to conversion of native habitats to various forms of land use and
habitat loss (McIntyre 2000). Outstanding properties of urban soils are limited aera-
tion and drainage, which can lead to anaerobic conditions, disrupt nutrient cycling
and result in elevated temperatures (Bae and Ryu 2017). Excessive concentration of
metals above the maximum permissible limit can negatively impact the quality of
soil organisms, such as microfauna and macrofauna, as well as ground and drinking
water. This can ultimately impact the quality of food (Nganje et al. 2020; Wang et al.
2020). The contamination of urban soils with heavy metals was discovered to have
an impact on soil microorganisms, including microbial biomass and diversity, basal
respiration rate, physiological profile and the activities of dehydrogenase, sulfatase,
glucosidase and phosphatase (Yang et al. 2006).

Urbanization results in the expansion of cities’ boundaries, causing greater patch-
iness in the landscape. This, combined with loss of habitats, is the primary factor
contributing to the decline of biodiversity (Grimm et al. 2008). Being the primary
green areas of urban landscapes, they represent important biodiversity hotspots in
cities (Nielsen et al. 2014). Parks and public gardens are generally composed of
grassy areas, with tree and shrub species commonly used that support limited biodi-
versity, particularly if non-native and less capacity for critical ecosystem services
(Aronson et al. 2017).

Comparing small and big cities can be difficult at times because the studies’
methodological approaches, including soil fraction, contaminants studied and chem-
ical extractions. The size of the city does not directly determine the level of contami-
nation, as small urban areas can be in close proximity to industrial areas (Gallego et al.
2002) and experience the same anthropogenic pressures as bigger cities. Although
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suburban areas don’t contribute significantly to industrial pollution, they do contami-
nate the environment through the disposal of household and yard waste, storm drains,
construction activities and materials and traffic (Callender and Rice 2000).

In the present work, quality of soil of urban green areas situated in a Russian big
city (over 1 Mio citizens) as well as its satellite small city (about 0.1 Mio citizens)—
Kazan and Zelenodolsk, respectively—was studied. Currently, poor information is
available about urban soil quality in Russian cities while this country represents
about 11.5% of the land on the planet. The study was conducted in summer 2021.
The plant and bacterial biodiversity as well as the level of heavy metals pollution
were analyzed in the urban green areas investigated.

4.2 Materials and Methods

4.2.1 Study Site

This research was carried out in two Russia cities: Kazan (55°47'19.46” N
49°07'19.70” E) and Zelenodolsk (55°50'37.54” N 48°31'4.22" E). These cities have
significant natural, geographical and industrial aspects. Zelenodolsk is a classic satel-
lite city of the monocentric Kazan agglomeration. The both cities are located on the
left bank of the Volga River, and the population of Kazan city is 1,259,173 people (as
of January 2022), of Zelenodolsk—99 235 people. The city of Zelenodolsk belongs to
the category of medium cities. 145 urban green zones are situated in Kazan, covering
about 0.84% of city area. Currently, the area of green common areas in Zelenodolsk
is 13.1 m?/person, which corresponds to the established requirements of at least 7
m?/person for medium-sized cities (Zakirova and Khusnutdinova 2018).

4.2.2 Estimation of Plant Biodiversity

The species diversity of (sub)urban habitats, including parks and gardens, can be
extremelyhigh (Gilbert 1989). The plants in the plot were identified and cover of
individual plant and the whole community in the quadrat. From the estimated domi-
nance—abundance of the herbaceous vegetation and for trees and shrubs taxa, the
Shannon—Wiener the standard biodiversity index was computed (Hermy and Cornelis
2000). Major herbaceous species in the region include Achillea millefolium, Dactylis
glomerata, Medicago sativa, Plantago major, Trifolium repens and Urtica dioica.
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4.2.3 Soil and Plant Sampling

Sampling on July—August 2021 involved systematic sampling from 15 parks of
Kazan and 9 green zones of Zelenodolsk which selected randomly and situated in
different districts of these cities. The characteristics of parks and public gardens both
cities are listed in Appendix Table 4.1.

Soils and dust (10—20 g) were taken in three replicates from the right corner,
middle and left corner of the main/south entrance of each park from 0 to 5 cm depth.
Replicates were stored at ca. 4 °C in zip-lock plastic bags prior to transport back to
the laboratory. Soil samples were sieved through 1 mm plastic mesh before analysis.
The sizes of the inventory area to determine plant diversity were 10 x 10 m?. Three
leaves clover samples and plantain from each of the three population were collected
in separate zipper bags from each sites. The distance was approximately 4 m and at
least 2-m.

4.2.4 Estimation of Heavy Metals Content in Plants and Soils

Before the estimation, plants and soils were air dried till the constant weight. The
homogenized plant tissues (0.1 g) were placed in a glass beaker and dissolved with
10 ml of HNOs, gradually heated with a rotation speed of 146 & 1 rpm at 95-98 °C
for 3 h. After the samples were slightly cooled, 1 ml of 33% H,0, was added and
heating of the samples for 1 h. The samples were cooled and 2.5 ml of bi-distilled
water was added, filtered and brought to 15 ml (Ji 2012).

For the determination of heavy metals concentration in the urban soil, the homog-
enized samples (0.5 g) were accurately weighed into 50 ml «Falcon» poly(propylene)
centrifuge tubes (pre-cleaned with 10% nitric acid followed by repeated rinsing with
bi-distilled water) and 20 ml of 0.1 M HNOjs solution added to the tubes. The tubes
were shaken on a shaker at 200 °C with a rotation speed of 30 £ 1 rpm for 24 h.
In each batch, a blank sample containing the same reagents was also subjected to
the extraction procedure. The extracts were kept in a fridge at 4 °C prior to ICP-MS
analyses (Hutton et al. 2004).

4.2.5 Quantification of Soil Heavy Metal Contamination/
Pollution Index (MPI)

The contamination/pollution index (MPI) was calculated as a ratio of a heavy metals
concentration to the permissible standard of set out by EU and WHO top soils
standards (Lacatusu 2000; World Health Organization (WHO) 1996).
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4.2.6 Estimation of Bacterial Activity and Functional
Diversity

To investigate of activity bacterial soil communities, the so-called community level
physiological profiling has been demonstrated to be effective at observing spatial
changes in microbial communities (Doan et al. 2013). Garland and Mills were the
first who used the BIOLOG system to characterize microbial communities in soil
(Garland and Mills 1991).

Community level physiological profiles (CLPPs) were assessed by the Biolog
EcoPlate™ system (Oxoid, Hampshire, England). Biolog Inc., CA, USA). Each 96-
well plate consists of three replicates, each one comprising 31 sole carbon sources
and a water blank. Soil suspensions (soil 5 g, distilled water 45 ml) were shaken for
30 min at 250 rpm. Tenfold dilutions were performed and aliquots of 140 w1 from
a 10~ dilution were inoculated into the microplates. The plates were incubated at
25 °C, and color development in each well was recorded as optical density (OD) at
595 nm with a plate reader at regular 24 h-intervals (Gomez et al. 2006).

With the help of the results received, the following parameters were calculated:
average well color development (AWCD) (1) and alpha biodiversity Shannon index
(2). The formulae used to calculate the indices are presented below:

AWCD = ) 4z “4.1)

where A;—the optical density within each well; Ap—is the absorbance value of the
control well

— > pixln, 4.2)

where p;,—proportional color development of the well over total color development
of all wells of a plate.

4.2.7 Statistical Analysis

All measurements were conducted in three replicates. The indexes of alpha diversity
calculated for each community were the Shannon—Weaver Index (Takada 1954) and
Simpson index (Simpson 1949). Error bars in the figures represent the standard error
of means from the replicates. Statistical significance of differences was analyzed
using nonparametric criteria such as Mann—Whitney U test (p > 0.05). Statistical
analysis was performed in Statistica 10.0 software (StatSoft Inc., Tulsa, OK, USA).
Graphs were prepared using Microsoft Excel 2019 MSO (Microsoft, Redmond,
WA, USA).
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4.3 Result and Discussion

4.3.1 Heavy Metals Concentrations in Soils

The soil has the property of absorbing heavy metals as a result of industrial and anthro-
pogenic activities (Ediene and Umoetok 2017). The main environmental standard
for metal soil pollution is so-called maximum permissible limits (MPL), i.e., such a
content of a pollutant in the soil that does not affect to animals, plants, microorgan-
isms and natural communities as a whole during constant contact or during interaction
over a certain period of time (Ediene and Umoetok 2017; World Health Organization
(WHO) 1996). According to WHO prescriptions (1996), the MPL for cadmium, lead,
copper, nickel and zinc are 0.8 mg/kg, 85 mg/kg, 36 mg/kg, 68 mg/kg, 50 mg/kg of
soil and 0.02 mg/kg, 2 mg/kg, 10 mg/kg, 10 mg/kg, 0.6 mg/kg of plant, respectively.
The concentration of heavy metals in soils each parks and public gardens is shown
on Fig. 4.1a—e.

Anthropogenic activities such as industrial waste disposals, fertilizer application
and sewage sludge disposals on land have led to the accumulation of cadmium (Cd) in
soil and its leaching under certain soil and environmental conditions (Alloway 2013).
The WHO/FAO recommended maximum tolerable intake of Cd is 70 pg day—'. With
the estimated half-life of Cd in soil varying between 15 and 1100 years (Kabata-
Pendias 2010), its accumulation in the environment and its entry into the food chain
are of great concern. In the present study, the determined concentrations of Cd in
soils in Kazan parks were in range of 0.17-0.70 mg/kg, while in Zelenodolsk sites,
they varied between 0.06 and 0.39 mg/kg (Fig. 4.1a). The highest Cd concentration
was recorded for the sample No. 5 in Kazan. The values for Cd across the sampling
points do not exceed the 0.8 mg/kg soil range set by WHO and were below the MPL
of 3.0, 1.4 and 400 mg/kg set out by EU, UK and USA Standards, respectively, for
Cd in soil (Ediene and Umoetok 2017).

We compared our results with the results of other study which estimated the
content of heavy metals in a big city and small cities. According to Li. et al., the
average concentration of Cd in the urban soils of Copenhagen was 0.84 mg/kg, which
is about 5 times higher than the concentration in the reference soil (Li et al. 2014a).
The Cd concentrations in urban parks of the third-largest city in China, Guangzhou
were ranged 0.028-2.408 mg/kg (Lu et al. 2007). The study paper Kwaterczak et al.
presented results of research of Cd distribution in land on playgrounds situated near
busy streets in Cracow (Poland). Samples of sand and soil were collected from the
most top layer (0-10 cm). Concentration of examined metal was varied from 1.60
to 2.61 mg/kg. The highest concentrations were found in sampling points near the
busiest roads (Aleksander-Kwaterczak and Rajca 2015).

Lead (Pb) is accumulating profoundly in the soil through anthropogenic activities
(Mulligan et al. 2001). Being a toxic substance and having high transfer rates (from
soil to plant), it is therefore studied broadly especially in context to food safety,
quality, and biotesting purposes (Uzu et al. 2009). As follows from the Fig. 4.1b, the
highest Pb value was revealed in sample No.15 obtained from Kazan—30 mg/kg,
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Fig. 4.1 Concentrations of Cd (a), Pb (b), Cu (¢), Ni (d), Zn (e) and contamination/pollution Index
(MPI) (f) found in urban soils sampled in Kazan (1-15) and Zelenodolsk (9-24) cities (Russia).
The black lines indicate the maximum permissible limits according to the WHO standards

the lowest sample No.18 from Zelenodolsk—0.81 mg/kg. The highest value of Pb
concentration recorded in the urban park was not higher than the WHO (85 mg/kg)
and the 6.4 mg/kg UK standards (70 mg/kg) (Ediene and Umoetok 2017).
Galuskova et al. (2014) conducted a study that compared Pb concentrations in
Prague and Ostrava parks. The values open areas ranged between 22-213 mg/kg
in and 27-125 mg/kg, respectively. The soil pollution may have been contributed
by the former brown coal burning in local heating plants (GaluSkova et al. 2014).
According to literature (American Society of Agronomy 1982), highest Pb concen-
trations were detected in areas with higher population density and more industrial
activity. Additionally, Pb pollution may result from the past use of leaded gasoline
and emissions from vehicles (Vig et al. 2003). The soil in Durham city’s park (North
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Carolina, USA) had a lead concentration of 42.1 + 25.0 mg/kg, which is consistent
with other U.S. cities such as Indianapolis and Greensboro, where soils near homes
had the highest lead concentration due to exterior house paint. However, in cities like
Detroit and New Orleans, soils near roadways pose the highest lead exposure risk
due to the contamination of soil being resuspended. Despite this, the soils from city
parks and suburban areas showed lower concentrations of metals(loids) that were
comparable to the natural levels found in the environment (Wang et al. 2022).

Copper (Cu) is considered as a micronutrient for plants however, it may be toxic
in excess quantities (Ediene and Umoetok 2017). Cu particulates are released into the
atmosphere by windblown dust and anthropogenic sources, including transport and
industrial emissions. Evaluation of Cu in soils of parks and public gardens in Kazan
(Fig. 4.1c) showed that values were ranged from 7.97 to 66.33 mg/kg, while the
Zelenodolsk soils recorded a mean of 4.12 mg/kg. In soil samples No.1 and No.12,
concentrations of Cu were recorded above the maximum permissible limit set by
WHO, but were below the MPL of 140, 1.4 and 3.0 mg/kg set out by EU, UK and
USA, respectively.

According to Paltseva et al., the concentration of Cu in urban soils (0-20 cm)
in cities with over 1 Mio citizens such as Vienna, Moscow, Mumbai (Bombay) was
equaled to: 18 mg/kg, 30 mg/kg and 147 mg/kg, respectively. At the same time, in
cities with less than 1 Mio people, this value was recorded to 24 mg/kg in Oslo
(Tijhuis et al. 2002) and 16 mg/kg in New Orleans (Mielke et al. 2019). In general,
in European cities, the concentration of Cu was lower than recommended by WHO,
with the exception of the soils from Mumbai (Bombay) (Wang et al. 2022). High
concentrations of Cu in the parks of Kazan may be due to the presence in the region
of a developed oil production and oil refining industry.

Nickel (Ni) has been considered to be an essential trace element for human and
animal health (Nazir et al. 2015). The concentration values obtained for Ni at the
urban green areas (Fig. 4.1d) revealed a range of 7.09-24.33 mg/kg, while a mean
of 9.56 mg/kg was recorded in Zelenodolsk parks. The overall results indicate that
in all the collected soil samples, there was low concentration of Ni found.

According to the literature (Zhong and Jiang 2017), contamination of Ni in urban
soils of small cities is higher than in big ones. The value of Ni in Berlin and Melbourne
was recorded 8 mg/kg and 15 mg/kg, respectively. While in soils in Baltimore and
Novi Sad and Izmit (Turkey), it was 2.8, 28.7 and 39 mg/kg. This suggests that
although heavy metal contamination of soil and water has been limited by some
government policies, historically produced heavy metals are retained in soil due to
their perdurability and degradation durability. In some places, the concentration of
nickel has surpassed even the Chinese soil criteria (grade II), and its concentrations
also exceed the national quality soil standards (Chen et al. 2020).

Zinc (Zn) is one of the important trace elements that play a vital role in
the physiological and metabolic process of many organisms. Nevertheless, higher
concentrations of Zn can be toxic to the organism (Nazir et al. 2015).

Concentration of Zn in soils samples from Kazan ranged between 30.67 mg/kg to
71.33 mg/kg and 9.97 mg/kg to 54.33 mg/kg obtained from Zelenodolsk, respectively
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(Fig.4.1e). The highest value of 71.33 mg/kg was recorded at No.12, closely followed
by values of 68.67 mg/kg of No. 6 and 67.67 mg/kg from the ground No.1.

The quantity of Zn observed at Kazan parks and public gardens greatly exceeded
the value of 50 mg/kg recommended by WHO. The level of Zn in sample No. 24 from
Zelenodolsk was as well as higher than WHO’s recommended limit—>54.33 mg/kg.

According to Lee with co-authors, in Hong Kong (about 7.4 Mio citizens), concen-
trations of Zn ranged from 23 to 930 mg/kg, while in Karachi (about 14 Mio people),
it was 99.5 mg/kg (Karim and Qureshi 2014). In small cities such as Zagreb (Croatia),
soil contamination with Zn averaged 70 mg/kg (Romic and Romic 2003). The prob-
able sources of Zn contamination primarily include wastewater discharges, followed
by automobile transportation and unauthorized dumping of household waste.

To determine the pollution loading of the soil at the various sampling points in
parks and public gardens, the MPI was used. According to Lacatusu, the MPI index
is the ratio of analyzed concentration of the heavy metal to the maximum allowable
limit in the soil (Lacatusu 2000). Despite on the fact that the content of Zn and Cu
was exceeded the level recommended by WHO in 5 and 2 parks of 24, respectively,
the MPI index in all samples did not exceed 1.0. Therefore, that the level of metal
pollution is acceptable. It should be noted though, that the average value of MPI for
all metals was higher in Kazan than that in Zelenodolsk (Fig. 4.1f).

4.3.2 Heavy Metals Concentrations in Plants

According to the literature, there is a certain relationship between the chemical
composition of plants and the elemental composition of the environment. Different
plant parts contain different heavy metals quantities; the highest quantities are
in roots and leaves, and the lowest are in fruits and seeds. Some plants species
were found to have lower tolerance to toxic metals uptake in parks of soil as
they were found to accumulate high concentrations of Cd, Cu, Ni, Pb and Zn (Guala
et al. 2010).

In the present study, metals were determined in the two plant species present in
all the parks—plantain (Plantago major L.) and white clover (Trifolium repens L.).
The results are presented on Fig. 4.2 and compared with the corresponding WHO
standards for plants (Bani et al. 2015). It was found that the concentration of Ni
was below the limits in all the plant samples. The concentrations of Cd, Pb and Cu
exceeded the limits in 5, 1 and 1 samples, respectively. And the concentrations of Pb
were by 10-25 times above the limits in all the plant samples analyzed.
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Fig. 4.2 Concentrations of Cu (a), Pb (b), Cu (c), Ni (d), Zn (e) and Transfer Factor (TF) (Appendix
Fig. 4.5) found in plants samples in Kazan (1-15) and Zelenodolsk (9-24) cities (Russia). The black
lines indicate the maximum permissible value according to the WHO standards

4.3.3 Plant Diversity and Cover at Various Study Sites

Species diversity is a crucial index mostly employed to evaluate the sustainability at
various ecosystem scales and is a multifaceted factor used to estimate a variety of
plant indicators (Eshaghi et al. 2009; Ricotta 2005).

In our study, we assessed the biodiversity of plants in parks and squares in Kazan
and Zelenodolsk. The amount of grass coverage on the site was determined by the
relative occurrence of each species and the number of species in each park.

The Shannon—Wiener index across the parks ranged from 1.51 to 2.43 of Kazan,
and from 0 to 2.53 of Zelenodolsk (see Fig. 4.3). According to the literature, urban
parks included annual and perennial plants species such as Zoysia species (with no
petals), Trifolium repens (with white petals) and with subcomponent species such
as Sonchus oleraceus, Oxalis corniculate, Cirsium japonicum, Trifolium pretense
and Ajuga nipponensis in Yokohama (Japan) (Tomitaka et al. 2021). In the study,
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Shannon-Wiener Index
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Fig. 4.3 Shannon—Wiener index indicating plant biodiversity in urban green zones in Kazan and
Zelenodolsk

Muratet et al. noted that in the park «Parc des Buttes Chaumont» (France), that
covers 25 ha. among the native species recorded in the park, the majority were
spontaneous species generally considered to be weeds, including Trifolium repens,
Hordeum murinum and Veronica chamaedrys (Scharenbroch et al. 2005). Dominant
species in Kazan were Achillea millefolium, Arctium lappa, Chenopodium album,
Convolvulus arvensis, Plantago major and Poa trivialis. Dominant species in satel-
lite city were Achillea millefolium, Trifolium repens, Artemisia vulgaris, Cichorium
intybus, Dactylis glomerata and Plantago major. Dominant species in Zelenodolsk
were the same. No significant differences in the species list as well as in the level of
Shannon—Wiener indexes between the two cities were found.

We made in attempt to compare the level of metals’ pollution of soils with the
plant diversity indexes in urban green zones. However, no correlation between the
MPI and Shannon—Wiener index was found.

4.3.4 Bacterial Activity and Functional Diversity in the Soils
Jrom Urban Green Zones

Currently, many ways to estimate the state of the microbiomes in the soils are
used. These might be wide range of methods, from estimations of soil microbial
biomass and respiration to analysis of soil microbial diversity using next generation
sequencing methods. All these methods have their own advantages and disadvantages
and should be chosen according to the investigation’s main goal. In our study, quick,
reproducible method semi-independent on climate conditions were required, and the
Biolog Ecoplate® profiling met the requirements (Use of Biolog for the commu-
nity level physiological profiling (CLPP) of). Using this method, two characteristics
of the soil microbial communities were determined—(i) the AWCD indicating the
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Fig. 4.4 AWCD and the biodiversity Shannon index of microbial communities in the soils of urban
green zones as revealed by Biolog Ecoplate® method

intensity of microbial decomposition of different organic substrates means overall
microbial activity in the soil samples; and (ii) the Shannon H-index indicating the
functional diversity of the microbial community (Fig. 4.4). (Li et al. 2007; Monard
et al. 2016).

The highest AWCD index was found in sample No. 5 (1.695 £ 0.340), the lowest
one—in sample No. 2 (0.143 £ 0.250), while no correlation was revealed between
the level of metal pollution or vegetation diversity and AWCD. The values received
correspond with the data obtained by other authors which analyzed soil samples from
native vegetation site (roadside verge) and topsoil (0—15 cm deep) (Liu et al. 2012;
Xue et al. 2008). It can be suggested that the differences in AWCD are due to differ-
ences in organic matter content in the samples, indeed, according to high microbial
counts and diversity are usually attributed to rich soils. Thus, in the investigations
carried out by Dobrovolskaya et al. and Kovda et al., tight direct correlation between
the biological activity of microorganisms and organic matter content in soil was
shown. Shannon index showing the level of functional alpha diversity in the commu-
nity ranged between 2.32 and 2.96. No correlation between the Shannon indices and
the AWCD or the level of metal pollution of soil was found (Kumar et al. 2017; Li
et al. 2013).

4.4 Conclusion

It can be concluded that in overall, soils from urban green zones in a large (Kazan)
and satellite (Zelenodolsk) cities contain Pb, Zn, Cu, Cd and Ni in the concentrations
below the WHO standards. Unique cases of exceeding were determined for Cd, Cu
and Zn, but the pollution was not complex.
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No differences between the green zones and in large and satellite city (biodiversity
of plants and microorganisms) as well as no correlation between the metal content
and diversity indices were found. It was found that the migration of Pb, Ni, Cu for
plantain and white clover don’t as intense as in the case of Zn and Cd. Perhaps these
urban plants, which grow everywhere, are able to accumulate these metals and also
get on the leaves with urban dust.

The absence of a direct stable relationship allows us to conclude that a comprehen-
sive assessment of the state of green areas is applicable, where the content of heavy
metals is lower and does not have a significant impact on biodiversity. Accordingly,
these measures relate not only to human health, but also more indirect aspects of the
quality of life: the structural integrity of the surrounding ecosystems. This work is
part of a large research cycle and measurements will be made for other environmental
components.
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See Table 4.1 and Fig. 4.5.
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Fig. 4.5 Transfer factor (TF) found in plants samples in Kazan (1-15) and Zelenodolsk (9-24)
cities (Russia)
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